Paleomagnetic and rock magnetic studies of the sediment samples from Site 797 were carried out. Thermal demagnetization was found to be more effective in removing secondary overprinting than alternating field demagnetization. Production of new magnetic minerals during the thermal treatment was frequently observed and made thorough demagnetization difficult, however. Thermal demagnetization of orthogonal IRM's suggests that magnetite and pyrrhotite are common magnetic minerals in these sediments. The Lowrie-Fuller test and Z ARM/% rat i° show apparent grain size of the magnetic minerals to be that of single-domain to small multi-domain state. Adowncore decrease of rock magnetic parameters such as ARM, IRM, and zARM/x ratio in the upper half of the hole indicates progressive diagenetic dissolution of finer magnetic minerals. In the lower part where igneous rocks intruded, production of magnetic minerals is suggested by discontinuous change of the downcore trend, which may have brought remagnetization of the sediment samples.
INTRODUCTION
Paleomagnetic studies of deep-sea sediments have been carried out extensively during a series of deep sea drilling cruises from Deep Sea Drilling Project (DSDP) to Ocean Drilling Program (ODP). In order to provide reliable records of the ancient geomagnetic field, we need to carefully examine the reliability of the natural remanent magnetization (NRM) of sediments. Beside various arguments about the acquisition of detrital remanent magnetization, sediments go through quite complicated physical and/or chemical processes during diagenesis and lithification (e.g., King and Channell, 1991) . These factors mean that the magnetic minerals might have been formed and/or undergone dissolution, thus causing a growth of secondary remanence. Careful rock magnetic examination is therefore indispensable for the study of sedimentary paleomagnetism. An optimum demagnetization treatment should be derived by a rock magnetic study including identification of magnetic minerals and estimation of their domain state. Kobayashi and Nomura (1972) measured NRM's of piston core samples recovered from the central part of the Japan Basin, and they were not able to find any primary component of NRM. They attributed their unsuccessful attempts to the omnipresence of iron sulfides (pyrite and pyrrhotite). Paleomagnetic work was not successfully carried out in the previous DSDP cruise in the Japan Sea (Leg 31; Karig, Ingle, et al., 1975) . Sediment samples recovered in Leg 127 show several characteristics such as dark/light color alternation and sudden increases in biogenic input (Tamaki, Pisciotto, Allan, et al., 1990) . This suggests variable paleoenvironments in the Japan Sea, mainly due to a cyclic change of oxic to anoxic circulation of the seawater (Tada and Iijima, this volume) . We therefore anticipate difficulty in obtaining paleomagnetic results from the sediment samples of Leg 127. The primary purpose of this study is to identify magnetic minerals in the sediments to help interpretation of the shipboard paleomagnetic results (Tamaki, Pisciotto, Allan, et al., 1990) . We conducted thermal demagnetization and rock magnetic studies of the Leg 127 sediments. Our experiments were carried out on bulk samples. We did not make any kind of magnetic separation and/or condensation of magnetic mineral. We thought that the magnetic separation may bias mineral identification by overestimating larger grains. And also the volume of our sample from each horizon is only 7 cm 3 which is not enough for any practical kind of magnetic separation.
SAMPLES AND LABORATORY PROCEDURE
We collected cubic samples mainly from silt and clay layers of Site 797 (located in the northern part of the Yamato Basin); 11 sampling horizons were selected from the cores recovered by using Advanced Piston Corer (APC), 5 horizons from Extended Core Barrel (XCB), and 7 horizons from conventional Rotary Core Barrel (RCB). The selection of coring methods roughly reflect the degree of consolidation of sediments. The diagenetic change of biogenic silica in the sediments, which was accelerated by the increase of temperature and duration time of burial (Tada, 1991) is also a good indicator for showing physicochemical change in the sediments. Two distinct diagenetic boundaries were recognized in Site 797 sediments (Tamaki, Pisciotto, Allan, et al., 1990; Tada and Iijima, this volume) . The opal-A zone to opal-CT zone transition occurs between 294.3 and 299.1 mbsf and the opal-CT zone to quartz zone transition occurs between 428 and 438 mbsf. Unfortunately, there is only one sampling horizon from the opal-CT zone, but we collected enough samples from the opal-A and quartz zones.
From each horizon, we obtained two vertically adjacent samples. Six additional samples were obtained from the Brunhes-Matuyama transition zone (around 40 mbsf). Total numbers of studied samples are 52 from 29 horizons (Table 1) . Those samples were kept in a magnetically shielded box until they dried at room temperature. Subsequently, the samples were removed from the ODP plastic containers, then marked and weighed. Remanent magnetization was measured using a two-axis cryogenic magnetometer (ScT C112) and a spinner magnetometer (Schonstedt SSM-1A).
The two adjacent samples were tested according to the following procedures: One of the paired samples was thermally demagnetized progressively up to 580° or 610°C in 30°-40°C steps. Thermal demagnetization was conducted using a non-inductive electric oven, in which the residual field was controlled to less than 5 nT throughout the experiments. A four-layered cylindrical magnetic shield case with a demagnetizing coil was employed to maintain magnetic shielding of the oven. Initial susceptibility (%) was measured using a Bartington M.S. 2 susceptibility meter at each step of the thermal treatment to detect thermochemical changes in the samples. The other sample was subjected to the series of rock magnetic experiments. The sample was first demagnetized by the alternating field (AF) up to 100 mT (peak field). AF demagnetization was carried out using a laboratory-made demagnetizer, which is a combination of AF oscillator and AC power amplifier, equipped with a three-layered magnetic shield case and a three-axis tumbler. Anhysteretic remanent magnetization (ARM) was then imparted to the sample at 100 mT AF field biased by 0.1 mT direct field, and followed by the progressive AF demagnetization. Isothermal remanent magnetization (IRM) was given to the demagnetized sample at 1.3 T parallel to x direction of the sample and then progressive IRM was applied to -x direction by incremental steps, which enables us to estimate remanent acquisition coercivity (Bcr). The sample was given nearly saturated IRM and then progressively AF demagnetized. These procedures allowed determination of the mass-specific ARM acquired per unit of direct field (XARM)> m d also application of the modified Lowrie-Fuller test (Johnson et al., 1975) , which bear rough estimation of the domain state of magnetic minerals. As the maximum field of the AF demagnetizer is 100 mT, nearly saturated IRM was not reduced to zero for most samples. Therefore, we subtracted the remaining IRM (after 100 mT AF demagnetization) and normalized the demagnetization curve to obtain "corrected" median destructive field (MDF) of IRM following the method by Karlin (1990b) . In order to make a quantitative evaluation of the Lowrie-Fuller test, we used a parameter DLF = (MDF of ARM) -(MDF of IRM) (Petersen et al., 1986) . A positive but nearly zero value of ΔLF indicates dominance of magnetic grains in single-domain (SD) state and pseudo-single-domain (PSD) state. Contrary to this, a negative value implies dominance of multi-domain (MD) grains. Larger positive values are thought to indicate mixture of SD/PSD and MD grains (Dunlop, 1983) .
Finally, three orthogonally composite IRM's (1.3 T to z-axis = hard IRM, 0.4 T to y-axis = medium IRM, and 0.12 T to x-axis = soft IRM) was imposed on the sample and followed by the progressive thermal demagnetization. This procedure reveals unblocking spectrum of three different ranges of coercivity, i.e., 0-0.12 T, 0.12-0.4 T, and 0.4-1.3 T. The soft IRM typically corresponds to magnetite, medium IRM to pyrrhotite, and hard IRM to hematite or goethite (Lowrie, 1990) . Thermal demagnetization of IRM is particularly effective in identifying magnetic minerals in sediments which generally have very low concentration of magnetic materials. Curie temperature was measured for small piece of each sample by using a thermomagnetic balance.
RESULTS AND DISCUSSION

Demagnetization
During progressive AF demagnetization, most samples acquired an ARM at demagnetization levels between 30 and 50 mT (Fig. 1) . Only a few samples were not impaired by ARM. As shown by this unsuccessful attempt at AF demagnetization, it is difficult to determine the remanent polarity through the AF method alone.
We observed a stable high-temperature component, or a change in the sign of inclination from positive to negative, which indicates removal of a normal polarity secondary remanence. The examples are shown for samples 127-797B-3H-3, 36-38 cm, 127-797B-4H-3, 144-146 cm, 127-797B-5H-5, 140-142 cm, 127-797B-8H-5, 90-92 cm, 127-797B-34X-3, 10-12 cm, and 127-797C-6R-3, 56-58 cm (Fig. 2) . Thermal demagnetization, however, often showed a confusing pattern in the vector-demagnetization diagrams (Zijderveld, 1967) at temperatures higher than 300°C. Samples 127-797B-6H-5, 83-85 cm, and 127-797B-12H-3, 64-66 cm, are examples of this behavior (Fig. 2) . This pattern corresponds to an increase in initial susceptibility measured right after the thermal treatment (Fig. 3) . In order to express the increase of initial susceptibility, we use the ratio of the value at 450°C to the value before demagnetization (X4so/X) As indicated in Figure 2 , samples of larger X450/X rat io tend to display an irregular pattern in the vector-demagnetization diagrams.
The hump at about 450°C in curves of thermal change of susceptibility (Fig. 3) can be explained by production of new magnetic minerals during heating. In the upper 100 m of APC zone, the cyclic change of dark and light color alternation is one of pronounced sedimentary characters (Tamaki, Pisciotto, Allan, et al., 1990) . There is, however, no relationship between the ‰ 50 /X ra ü° an d the color variation of the sediments (Fig. 3) . Thermomagnetic curves also suggest the production of new magnetic minerals when heated in air. As typically shown in Figure 4 , the strong-field magnetization of the bulk sample decays rather monotonically (showing paramagnetic curve) up to 350°C. There is a sudden increase between 350° to 500°C which decrease to 0 by about 600°C. Upon cooling the curve is irreversible. These results may indicate the production of pure magnetite from non-magnetic minerals by the heating in the air. Although the thermal demagnetization is more effective than AF method, it is difficult to reveal high temperature remanent component for all of samples. The main difficulty in the thermal demagnetization is brought by laboratory produced magnetite during heating experiment.
Magnetic Minerals
Rock magnetic properties are basically controlled by magnetic mineralogy and domain state. First, we will discuss identification of magnetic minerals on the basis of the orthogonal IRM experiment. In Figure 5 , we show four typical examples (type A to type D) of thermal demagnetization of orthogonal IRM's. Soft and medium IRM curves of type AQ27-797B-6H-06,95-97 cm; 52.36 mbsf, from light color layer) show single unblocking temperature lower than 300°C. This fact suggests the presence of magnetic minerals of moderate unblocking temperature and medium coercivity. Judging from its medium coercivity, the magnetic mineral is possibly pyrrhotite. The unblocking temperature is, however, somewhat lower than that of common pyrrhotite (Fe 7 S 8 ). The magnetic mineral may be more iron-rich mineral such as Fe 9 S 10 (Tc is about 260°C; O'Reilly, 1984) . Throughout the study we found only one sample showing type A demagnetization curve. Although type B shows unblocking temperature lower than 300°C, it also indicates higher unblocking temperature close to that of magnetite. We think this type of magnetic mineral is a mixture of pyrrhotite and magnetite. This type of IRM curves is the most popular in this site. Variation of the demagnetization curves may be controlled by the degree of mixture of pyrrhotite and magnetite. Type B samples are found both in the dark and light color layers of the APC sediments. Although such a color variation may reflect changes in depositional environment, we did not find significant correlation between sediment color and the orthogonal IRM property. Type C is characterized by less prominent medium IRM, which may indicate little contribution of pyrrhotite. Quick and smooth decay of the soft IRM curve in the lower temperature range may be attributable to multi-domain (titano)magnetite or presence of (titano)maghemite. Type D, pure magnetite, is a less common example and found only from deeper part where the sediment are sandwiched between igneous rocks. The classification of the orthogonal IRM property is listed in Table 1 .
As already shown in Figure 4 , most of the thermomagnetic curves show only paramagnetic decay in the low temperature range and not enough sensitive to reveal ferromagnetic component below 300°C. The thermomagnetic curves were all irreversible when heated above 200°C or so. Although the thermomagnetic analysis is one of the best established method in rock magnetism, it was not effective in identifying magnetic minerals in this study.
Grain Size of Magnetic Minerals
The grain size distribution is one of the key parameters that control the stability of remanence. There are wide variations of methods to estimate the grain size or domain state of ferromagnetic minerals in sediments (e.g., Yamazaki and Katsura, 1990) . Except for observation under a microscope, all grain size estimation methods are indirect. We tried the Lowrie-Fuller test and also made a comparison between anhysteretic susceptibility (XARM) an d initial susceptibility (x), which was proposed by Banerjee et al. (1981) and King et al. (1982) as a magnetic granulometry technique. Unambiguous application of these methods require the identification of the magnetic minerals. When sediments contain a mixture of several magnetic minerals, the results may just give an apparent distribution of grain size. As shown in the previous section, the orthogonal IRM results suggested minor contribution from pyrrhotite in the case of type B, most dominant type in the opal A zone. In spite of complex mineral compositions, the Lowrie-Fuller test and the XARM/2C rat io may identify the apparent domain state of the dominant magnetic minerals in each sample. Figure 6A shows the relationship between the MDF of IRM and ΔLF determined for the Site 797 samples, which indicates a linear, negative correlation between the two factors. A negative correlation is also observed when ΔLF is plotted against remanent acquisition coercivity (Bcr) as shown in Figure 6B . The value of ΔLF is all positive and less than 15 except for one negative sample which is assumed to be dominated by pyrrhotite as shown in Figure 5 (type A; 127-797B-6H, 95-97 cm). Petersen et al. (1986) interpreted the negative correlation between the MDF of IRM and ΔLF found in the DSDP Leg 73 samples (South Atlantic). The variation of ΔLF and MDF of IRM observed in this study falls in a similar range to that of set B of Leg 73 (Petersen et al., 1986) Figure 1 . Examples of vector-demagnetization diagrams of stepwise AF demagnetization data. The peak field in mT is given for each point. Open and solid symbols indicate projection on vertical and horizontal planes, respectively. Up and Dn indicate upward and downward direction of the core, respectively. Azimuthal angle is arbitrary ("0" is perpendicular to the split surface of working-half of the core). "Div" refers to the bulk moment of each division of axes marked by ticks.
scope. Deep-sea sediments recovered from the Northeast Pacific show almost the same variation of ΔLF value (Karlin, 1990b) . Except for one sample (type A), the variation of ΔLF observed in Figure 6A may suggest dominance of SD/PSD magnetic minerals within our samples. Although the data point plotted on Figure 6 showing a linear trend, they also make two clusters along the line, that is, sample from the opal-A zone and from the quartz zone. Open symbols (opal-A zone) tend to show smaller value of ΔLF, which means the difference between the MDFs of ARM and IRM is smaller for the opal-A samples. It should be stressed that the grain size distribution between the sample form opal-A zone and that of quartz zone are not identical. The correlation between XARM an d X * s illustrated in Figure 7 . The lines denoted as 0.1 µm (XARM/X = 5 4 3), 1.0 µm (XARM/X = 2 4 3), and -5.0 µm (XARM/X = 1-18) are defined after King et al. (1982) . Most of data points are scattered along the line of 1.0 µm. If this semiquantitative grain size estimation is valid, our samples fall on the region of single-to two-domain of magnetite (Dunlop, 1981) . Doh et al. (1988) found their nonfossiliferous pelagic clay from the North Pacific having XARM/X ratios of 2.6 to 4.2, almost comparable to that of our samples. Tauxe and Wu (1990) , however, reported a much higher XARM/X ra ti° °f about 25. Their samples were pelagic, carbonaceous sediments recovered from the Ontong-Java Plateau. They discussed that contribution of diagenetic material may bring the underestimation of grain size compared to the original one described by King et al. (1982) . They also pointed out that the XARM/X ratio reported by King et al. (1982) was determined on synthetic samples of higher magnetic concentration than natural materials. Because Site 797 is situated in the Yamato Basin, surrounded by the continent and active volcanic arcs, it might be assumed that grain size distribution of our sample shifted to coarser range relative to that of pelagic sediments. The results, however, suggest that the estimated grain distribution of the magnetic minerals is almost compatible to the pelagic one.
Downcore Variation of Rock Magnetic Parameters
Among the various downcore fluctuations, intensities of ARM and IRM, and the XARM/X ratio show significant decrease in the opal-A zone as show in Figure 8 . The decrease of ARM and IRM intensities may suggest diagenetic dissolution of magnetic minerals (e.g., Channell and Hawthorne, 1990) . It should be noted that the XARM/X ratio also decrease to one third of the value of the uppermost part. As discussed previously, the XARM/X ratio is a indicator of magnetic grain size, and the decreasing implies coarsening of grains. In other word, coarsening can be explained by progressive dissolution of finer minerals. We did not find systematic downcore decrease of %. The pronouncing decrease of XARM/X ratio is mainly brought from diagenetic loss of fine magnetic mineral which effectively carry NRM of the sediments. In the quartz zone, ARM, IRM, and the XARM/X ratio are scattered. The progress of diagenesis and possible thermal alteration caused by igneous intrusions may have produced magnetite as explained by type D thermal demagnetization curve of IRM.
CONCLUDING REMARKS
1. The stability of remanent magnetization was examined by progressive AF and thermal demagnetizations. AF method is generally not effective in eliminating secondary overprinting because of easy acquisition of ARM. Thermal demagnetization is more effective in revealing a high-temperature component, but was occasionally impaired by the production of new magnetic minerals. The ratio of X450/X was a useful parameter to describe production of new magnetic minerals during the demagnetization. We could not find significant difference of X450/X ratio between dark and light color layers in the APC zone.
2. Magnetic mineralogy was investigated by thermal demagnetization of three orthogonal IRM's. Unblocking temperature of the three coercivity ranges revealed that there are at least four types of magnetic mineral assemblage. In the opal-A zone, a mixture of pyrrhotite and (titano)magnetite is dominant. The mixing ratio of (titano)magnetite and pyrrhotite is changeable from sample to sample judging from the pattern of the thermal demagnetization curves. Magnetite is more dominant in the lower part of the hole (opal-CT and quartz zones).
3. Apparent grain size of the magnetic minerals were estimated by the Lowrie-Fuller test and by using the XARM/X ratio. We pointed out that magnetic minerals of most samples from Site 797 are of SD/PSD or small MD size, and resemble that of normal deep-sea sediments such as from the South Atlantic (Petersen et al., 1986) , the Northeast Pacific (Karlin, 1990b) , and the North Pacific (Doh et al., 1988) . Magnetic mineralogy and grain size distribution are not identical in the opal-A zone and in the quartz zone. The ΔLF values make separate clusters when plotted against MDF of IRM and/or remanent acquisition coercivity.
4. Some rock magnetic parameters such as ARM and IRM intensities, and the XARM/X ratio showed characteristic downcore decrease within the opal-A zone. This fact implies diagenetic dissolution of finer magnetic minerals in the sediments. In the lower part of the hole, production of magnetic minerals is suggested. The intrusion of igneous rocks might accelerate production of magnetite. Paleomagnetic directions might have been safely preserved in the upper part of opal-A zone, but severely overprinted in the quartz zone. Remanent acquisition coercivity (mT)
X (×lCTnrkg• 1 ) Figure 7 . Plot of mass susceptibility of ARM (%ARM) against mass initial susceptibility (%). Lines denoted 0.1 µm to -5.0 µm are defined after King et al. (1982) .
